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Introduction {#jog13083-sec-0005}
============

The prevalence of image analyses, such as transvaginal ultrasonography and magnetic resonance imaging (MRI), has enhanced the detection of multicystic lesions in the uterine cervix, such as minimal deviation adenocarcinoma (MDA), lobular endocervical glandular hyperplasia (LEGH), and nabothian cyst (NC). MDA requires prompt curative surgery, whereas expectant treatments may be chosen for women suspected of having LEGH, especially for young women to preserve fertility. Therefore, a precise preoperative diagnosis and adequate management of these diseases are very important to avoid the under‐ or over‐treatment of patients.

MDA,[1](#jog13083-bib-0001){ref-type="ref"} formerly referred to as adenoma malignum,[2](#jog13083-bib-0002){ref-type="ref"} is an extremely well‐differentiated mucinous adenocarcinoma consisting of deceptively normal‐looking cervical glands. Its prognosis is poor with resistance to surgical or medical therapy and high rates of lymph node metastasis and peritoneal dissemination have been reported.[3](#jog13083-bib-0003){ref-type="ref"} A unique symptom of MDA is a massive watery vaginal discharge with a swollen cervix and multicystic lesions. Furthermore, MDA produces gastric‐type mucin. As cellular atypia of MDA is minimal, the cytology of the cervix is often negative.[4](#jog13083-bib-0004){ref-type="ref"} Difficulties are also associated with obtaining an accurate diagnosis due to limited biopsy samples. Therefore, a preoperative diagnosis of MDA is considered to be extremely difficult.

LEGH was first reported by Nucci *et al.* in 1999 as a benign lesion characterized by the lobular proliferation of small glands lined by endocervical mucin‐producing epithelial cells,[5](#jog13083-bib-0005){ref-type="ref"} which is similar to that of MDA except for the lack of nuclear atypia and stromal invasion. LEGH also exhibits similar symptoms, such as a watery discharge containing gastric‐type mucin. Therefore, a differential diagnosis between LEGH and MDA is challenging. Although LEGH was first reported as a benign disease, it has been reported as a precursor of MDA, because of frequent association between LEGH and MDA as well as its genetic characteristics.[6](#jog13083-bib-0006){ref-type="ref"}, [7](#jog13083-bib-0007){ref-type="ref"}, [8](#jog13083-bib-0008){ref-type="ref"}, [9](#jog13083-bib-0009){ref-type="ref"}, [10](#jog13083-bib-0010){ref-type="ref"}, [11](#jog13083-bib-0011){ref-type="ref"} We previously reported that some LEGH lesions were a precancerous form of MDA due to the pattern of X chromosome inactivation using the human androgen receptor (HUMARA) method.[12](#jog13083-bib-0012){ref-type="ref"} Therefore, the possibility of a focal association with carcinoma in LEGH needs to be considered in its management. However, proper primary clinical diagnosis and follow‐up, including a method to detect the potential malignant transformation of LEGH, have not yet been established. Moreover, when benign nabothian cysts tightly aggregate, a differential diagnosis of these lesions from LEGH or MDA is sometimes difficult.[13](#jog13083-bib-0013){ref-type="ref"}, [14](#jog13083-bib-0014){ref-type="ref"}

In order to improve diagnostic accuracy, we carried out a multicenter study during 2006--2007.[15](#jog13083-bib-0015){ref-type="ref"} Data were collected from patients with MDA or other related diseases in 24 institutions in Japan. The clinicopathologic characteristics, gastric‐type mucin, and MRI findings of these cases were analyzed, and a management protocol was proposed for patients with cervical multicystic lesions (Fig. [1](#jog13083-fig-0001){ref-type="fig"}). In the present study, we retrospectively analyzed the clinical courses of 94 patients with cervical multicystic lesions managed in our hospital according to this protocol in order to evaluate its effectiveness.

![Flow chart for the diagnosis and management of cervical multicystic lesions. This figure is a modified version of our original protocol. AGC‐FN, atypical glandular cells -- favor neoplastic; AGC‐NOS, atypical glandular cells -- not otherwise significant; AIS, adenocarcinoma in situ; Ca, carcinoma; LEGH, lobular endocervical glandular hyperplasia; MDA, minimal deviation adenocarcinoma; MRI, magnetic resonance imaging; NILM, negative for intraepithelial lesion or malignancy; RH, radical hysterectomy; S/O, suspicion of; TAH, total abdominal hysterectomy.](JOG-42-1588-g001){#jog13083-fig-0001}

A clear understanding of the molecular biology of LEGH is important for determining proper management because it may convert to malignancy. Oncogenic mutations in the GNAS gene have recently been identified as a cause of mucin‐producing neoplasms in the pancreas and gastrointestinal tract.[16](#jog13083-bib-0016){ref-type="ref"} The GNAS gene encodes the α‐subunit of the stimulatory guanine nucleotide‐binding protein (Gsα), which transduces signals from a G protein‐coupled receptor. GNAS has been shown to elevate intracellular cAMP levels by stimulating adenylyl cyclase,[17](#jog13083-bib-0017){ref-type="ref"} which provokes cellular proliferation through the protein kinase A‐ERK signal pathway.[18](#jog13083-bib-0018){ref-type="ref"} Previous studies have detected these mutations in glandular neoplasms in the pancreas, colon, stomach, duodenum, and appendix[16](#jog13083-bib-0016){ref-type="ref"}, [19](#jog13083-bib-0019){ref-type="ref"}, [20](#jog13083-bib-0020){ref-type="ref"}, [21](#jog13083-bib-0021){ref-type="ref"}, [22](#jog13083-bib-0022){ref-type="ref"}, [23](#jog13083-bib-0023){ref-type="ref"}, [24](#jog13083-bib-0024){ref-type="ref"} Matsubara *et al.* also identified GNAS gene mutations in 42% of LEGH.[25](#jog13083-bib-0025){ref-type="ref"} However, the relation among GNAS mutations, clinical courses and histological types of LEGH remains unclear. In the present study, we analyzed GNAS mutations in 17 patients whose clinical courses were available and evaluated the implications of these mutations in the management of LEGH.

Methods {#jog13083-sec-0006}
=======

Subjects {#jog13083-sec-0007}
--------

Ninety‐four women with multicystic lesions detected by transvaginal ultrasonography, MRI, or computed tomography who visited Shinshu University Hospital between June 1995 and September 2014 participated in this study. The usefulness of the protocol was retrospectively evaluated with respect to the precision of the diagnosis, result of the follow‐up, and patient outcomes.

Initial clinical diagnosis, treatment, and follow‐up {#jog13083-sec-0008}
----------------------------------------------------

In women with multiple cervical cysts, the primary clinical diagnosis and subsequent management was provided according to our protocol[15](#jog13083-bib-0015){ref-type="ref"} with some modifications (Fig. [1](#jog13083-fig-0001){ref-type="fig"}). In this protocol, the combination of three parameters -- MRI, cervical Pap smear, and gastric‐type mucin -- was used for a clinical diagnosis. MRI‐T2 image findings were classified as follows: (i) solid pattern (a solid component was noted, suggesting malignancy); (ii) invasion pattern (diffuse and solid high T2‐weighted signal with an unclear margin in the cervical stroma, suggesting malignancy); (iii) cosmos pattern (diffuse or microcystic parts surrounded by medium to large cysts, suggesting LEGH); (iv) microcystic pattern (aggregation of small cysts without peripheral large cysts, suggesting LEGH or malignancy); and (v) coarse cystic pattern (irregular aggregation of medium to large cysts without a solid or microcystic component, suggesting NC). A cytological diagnosis was made according to the Bethesda system. Gastric‐type mucin in the cervical mucus was examined using a latex agglutination assay (HIK1083 kit)[26](#jog13083-bib-0026){ref-type="ref"} or by the detection of 'yellow' or 'orange' mucin in the cervical Pap smear.[4](#jog13083-bib-0004){ref-type="ref"} A clinical diagnosis and subsequent treatment were summarized as follows: the patient\'s condition was regarded as suspicious of MDA or adenocarcinoma (S/O MDA‐Ca) when pelvic MRI revealed a predominant solid component or invasive lesion and/or atypical glandular cells (AGC) in the Pap smear. Patients with S/O MDA‐Ca underwent immediate biopsy and curative hysterectomy. When MRI showed small cysts or solid parts surrounded by larger cysts ('cosmos pattern'), no malignant cell, or at most, atypical glandular cells were noted in the Pap smear, and gastric‐type mucin was positive, the condition was regarded as suspicious of LEGH (S/O LEGH). Patients with S/O LEGH chose surgery (conization or hysterectomy) or follow‐up every 3--6 months. Women with coarse, multiple cysts with a clear margin, negative cytology, and gastric‐type mucin were considered to have NC, and follow‐up was recommended every 6--12 months. In patients who chose follow‐up, when MRI findings suggested malignancy, for example, an increase in lesion size or the novel detection of a solid/ invasive portion, and when the deterioration of cytology was observed, these patients ceased follow‐up and surgery was recommended. Regarding patients who visited our hospital before 2006 (11 cases), a clinical diagnosis by this protocol was made according to the patient\'s chart. This study was approved by the Ethics Committee of Shinshu University School of Medicine.

Mutational analysis of the GNAS gene {#jog13083-sec-0009}
------------------------------------

The formalin‐fixed paraffin‐embedded tissue sections of 10 cases of LEGH, five of LEGH with atypia, and two of MDA lesions were obtained by hysterectomy. Neoplastic glandular cells were dissected from these tissue sections using laser microdissection. Briefly, 10‐μm‐thick sections from paraffin‐embedded blocks were deparaffinized and stained by hematoxylin. The laser microdissection system PALM Micro Beam (Zeiss) was used to collect cells of interest. Genomic DNA was extracted from the dissected tissues using the QIAamp DNA Micro Kit (Qiagen). The sequence of extracted DNA was determined using the ABI310 Genetic Analyzer (Applied Biosystems) after PCR with the primer pairs directing exon 8 (GGCTTTGGTGAGATCCATTGAC , TGGCTTACTGGAAGTTGACTTTG) and 9 (GACATTCACCCCAGTCCCTCTGG, GAACAGCCAAGCCCACAGCA) of the GNAS gene, as previously reported.[25](#jog13083-bib-0025){ref-type="ref"}

Results {#jog13083-sec-0010}
=======

The mean age of the 94 patients was 47.8 years (range: 25--77). The number of patients with a clinical diagnosis of S/O MDA‐Ca, S/O LEGH, and NC made according to our protocol (Fig. [1](#jog13083-fig-0001){ref-type="fig"}) was 10, 59, and 25, respectively (Table [1](#jog13083-tbl-0001){ref-type="table-wrap"}).

###### 

Patient characteristics

  Clinical diagnosis   Number of cases   Age           Watery discharge   Abnormal cytology (Gl. atypia)
  -------------------- ----------------- ------------- ------------------ --------------------------------
  S/O MDA‐Ca           10                50.7 ± 12.2   5 (50%)            7 (70%)
  S/O LEGH             59                46.7 ± 9.8    30 (50.8%)         5 (8.5%)
  NC                   25                48.9 ± 11.2   4 (16%)            0 (0%)
  Total                94                47.8 ± 10.5   39 (41.5%)         12 (12.8%)

Gl. atypia, glandular atypia; NC, nabothian cyst; SD, standard deviation; S/O MDA‐Ca, suspicious of minimal deviation adenocarcinoma or carcinoma; S/O LEGH, suspicious of lobular endocervical glandular hyperplasia.

Initial clinical diagnosis and management of each disease group {#jog13083-sec-0011}
---------------------------------------------------------------

Patients clinically diagnosed according to our protocol and their clinical courses are summarized in Figure [2](#jog13083-fig-0002){ref-type="fig"} and Table [2](#jog13083-tbl-0002){ref-type="table-wrap"}. All 10 patients with S/O MDA‐Ca underwent hysterectomy (radical hysterectomy, *n* = 6; total abdominal hysterectomy \[TAH\], *n* = 4), and a pathological diagnosis was finally determined. Seven out of the 10 S/O MDA‐Ca cases were malignant. On MRI, four of the seven malignant cases had a predominant solid component (e.g., Case 5, in Fig. [3](#jog13083-fig-0003){ref-type="fig"}a,b) while two had a partial solid component (e.g., Case 1, in Fig. [3](#jog13083-fig-0003){ref-type="fig"}c,d). Two cases (Case 8, 10) of LEGH did not show a cosmos pattern, but showed a microcystic pattern. One case (Case 9) showed invasive findings on MRI, but was LEGH with atypia and mucinous adenoma. Cytologically, of the seven malignant cases, two had adenocarcinoma and five had AGC. Five cases had gastric‐type mucin.

![Summary of clinical courses of patients with multicystic lesions of the uterine cervix, managed according to our protocol. Ca, carcinoma; LEGH, lobular endocervical glandular hyperplasia; MDA, minimal deviation adenocarcinoma; NC, nabothian cyst; NILM, negative for intraepithelial lesion or malignancy; RH, radical hysterectomy; S/O, suspicion of; TAH, total abdominal hysterectomy; TLH, total laparoscopic hysterectomy.](JOG-42-1588-g002){#jog13083-fig-0002}

###### 

Clinicopathologic summary of patients who underwent hysterectomy

   Clinical diagnosis  Case                         MRI finding                  Cytology    HIK test  Cervical biopsy      Mode of surgery                        Pathological diagnosis              LM / LVSI   Ovarian‐meta   Stage  F/U period (months)   Status at last F/U
  -------------------- ---------------------------- ---------------------------- ---------- ---------- -------------------- -------------------------------------- ---------------------------------- ----------- -------------- ------- --------------------- --------------------
       S/O MDA‐Ca      1                            Solid and invasion pattern   Adenoca.       NA     Adenoca.             RH, BSO, PLN                           Serous adenoca, LEGH                    −            −          IB1   68                    Alive
                       2                            Solid and invasion pattern   AGC‐FN         \+     Adenoca.             RH, BSO, PLN, PAN                      GAS, MDA, LEGH with atypia, LEGH       \+            −          IIB   33                    Alive
           3           Solid pattern                AGC‐FN                       \+          Adenoca.  RH, BSO, PLN         GAS, Endocervical type muc. adenoca.   \+                                     \+           IIA1        19    DOD                   
           4           Solid pattern                AGC‐FN                       NA            MDA     TAH, BSO, PLN, PAN   GAS, MDA                               \+                                     \+           IB2          5    DOD                   
           5           Solid pattern                Adenoca.                     \+          Adenoca.  RH, BSO, PLN. PAN    GAS, MDA, LEGH                         \+                                      −           IB2          3    Alive                 
           6           Microcystic pattern          AGC‐FN                       \+          Adenoca.  TAH, BSO             GAS, LEGH                              −                                       −           IIA1         4    Alive                 
           7           Solid pattern                AGC‐NOS                      NA             NA     RH, BSO, PLN         MDA                                    −                                       −           IB1         24    DOD                   
           8           Microcystic pattern          AGC‐FN                       \+             NA     TAH                  LEGH with atypia                       −                                       −            −          63    Alive                 
           9           Solid and invasion pattern   NILM                         −            Normal   TAH, BSO             LEGH with atypia + mucinous adenoma    −                                       −            −          20    Alive                 
           10          Microcystic pattern          NILM                         NA           Normal   RH, BSO, PLN         LEGH                                   −                                       −            −          131   Alive                 
        S/O LEGH       11                           Cosmos pattern               NILM           \+     NA                   TAH                                    LEGH with atypia                        −            −           −    32                    Alive
                       12                           Cosmos pattern               AGC‐NOS        \+     NA                   TAH                                    LEGH                                    −            −           −    33                    Alive
           13          Coarse cystic pattern        AGC‐NOS                      \+             NA     TAH                  LEGH                                   −                                       −            −          85    Alive                 
           14          Microcystic pattern          AGC‐NOS                      \+            LEGH    TAH, BSO             LEGH                                   −                                       −            −          33    DOO                   
           15          Cosmos pattern               AGC‐NOS                      \+             NA     TAH                  LEGH                                   −                                       −            −          21    Alive                 
           16          Cosmos pattern               NILM                         \+           Normal   TAH                  LEGH                                   −                                       −            −          61    Alive                 
           17          Cosmos pattern               NILM                         \+            LEGH    TAH, BSO             LEGH                                   −                                       −            −          12    Alive                 
           18          Cosmos pattern               AGC‐NOS                      \+             NA     TLH, BSO             LEGH                                   −                                       −            −          17    Alive                 
           19          Coarse cystic pattern        NILM                         \+             NA     TAH                  LEGH                                   −                                       −            −          136   Alive                 
           20          Coarse cystic pattern        NILM                         \+           Normal   TAH, BSO             LEGH                                   −                                       −            −          122   Alive                 

Adenoca., adenocarcinoma; AGC‐FN: atypical glandular cells‐favor neoplastic, AGC‐NOS: atypical glandular cells‐not otherwise significant, BSO: bilateral salpingo‐oophorectomy, DOD: dead of disease, DOO: dead of other causes; F/U, follow‐up; GAS: gastric‐type adenocarcinoma, LEGH: lobular endocervical glandular hyperplasia, LM: lymph node metastasis, LVSI: lymphovascular space invasion, MDA, minimal deviation adenocarcinoma; MRI, magnetic resonance imaging; muc. adenoca., mucinous adenocarcinoma; NA, not available; NILM, negative for intraepithelial lesion or malignancy; PAN: para‐aortic lymphadenectomy, PLN: pelvic lymphadenectomy, RH: radical hysterectomy, TAH: total abdominal hysterectomy, TLH: total laparoscopic hysterectomy; S/O MDA‐Ca, suspicious of minimal deviation adenocarcinoma or carcinoma; S/O LEGH, suspicious of lobular endocervical glandular hyperplasia.

![Magnetic resonance imaging findings of patients who underwent hysterectomy, as shown in Table [2](#jog13083-tbl-0002){ref-type="table-wrap"}. (a,b) A typical solid pattern was observed in case 5. (c,d) A combination of solid pattern and invasion pattern. Microcystic and solid components (arrows) existed in the lateral portion of the cervix, suggesting stromal invasion, as observed in Case 1. (e,f) A typical cosmos pattern observed in Case 18 (i.e., small cysts or solid parts were surrounded by larger cysts). (g,h) A microcystic pattern: the aggregation of micro cysts, with the absence of large surrounding cysts or signs of invasion in Case 14.](JOG-42-1588-g003){#jog13083-fig-0003}

Ten out of 59 patients with S/O LEGH underwent hysterectomy (total laparoscopic hysterectomy, *n* = 1; TAH, *n* = 9, Table [2](#jog13083-tbl-0002){ref-type="table-wrap"}). The histological diagnosis of these patients was LEGH in nine and LEGH with atypia in one, with six showing a cosmos pattern on MRI (e.g., Case 18 in Fig. [3](#jog13083-fig-0003){ref-type="fig"}e,f), and the others a coarse cystic pattern (three cases) and a microcystic pattern (Case 14, in Figs. [3](#jog13083-fig-0003){ref-type="fig"}g,h). Cytologically, five cases each showed negative for intraepithelial lesion or malignancy (NILM) or AGC -- not otherwise significant (NOS). All 10 patients had gastric‐type mucin in cervical mucus. Twelve patients out of 49 S/O LEGH patients who did not undergo hysterectomy underwent biopsy (conization, *n* = 2; endocervical curettage, *n* = 10).

Collectively, these results demonstrated a high diagnostic accuracy for LEGH and MDA/carcinoma: the correct ratio for diagnosis was 90% (19/20).

Results of the follow‐up patients {#jog13083-sec-0012}
---------------------------------

After the initial clinical diagnosis, 25 patients with NC and 49 patients with S/O LEGH chose regular follow‐ups with informed consent (Fig. [2](#jog13083-fig-0002){ref-type="fig"}). Of these patients, 18 with NC and 42 with S/O LEGH were followed‐up for 12 months or more. No change in MRI or cytology was observed in any of the 18 NC patients. Of the 42 patients with S/O LEGH, 39 showed no change in lesion size on MRI, whereas three showed an increased tumor diameter. Of the 39 lesion‐stable patients, three underwent hysterectomy due to other diseases (CIN3, two cases; ovarian cyst, one case). The pathological findings in the cervix of these patients were LEGH. The three patients with an increased lesion size underwent hysterectomy. Histologically, one patient had NC, whereas the remaining two had LEGH with atypia (Cases 21 and 22). Gastric‐type mucin was constantly positive in most follow‐up cases.

Clinicopathology of two patients with S/O LEGH with an increased lesion size during follow‐up {#jog13083-sec-0013}
---------------------------------------------------------------------------------------------

Case 21 was a 55‐year‐old woman (gravida 1, para 1, menopause at 53 years old) with a watery vaginal discharge and irregular bleeding. Transvaginal ultrasonography revealed a multicystic lesion with AGC‐NOS cytology and positive gastric type mucin by the HIK1083 kit. MRI showed a 15 × 10 × 8‐mm multicystic lesion indicating a cosmos pattern (Fig. [4](#jog13083-fig-0004){ref-type="fig"}a). The clinical diagnosis was S/O LEGH. As the resolution of the first MRI was poor, MRI was again performed after 3 months. The second MRI revealed that the size of the lesion had increased to 21 × 21 × 14 mm with diffuse small cysts (Fig. [4](#jog13083-fig-0004){ref-type="fig"}b). Due to suspected MDA, TAH was performed. The pathological diagnosis was LEGH with atypia (Fig. [4](#jog13083-fig-0004){ref-type="fig"}c). No recurrence was recorded 51 months after surgery.

![Magnetic resonance imaging (MRI) and pathologic findings of two cases with increased lesion sizes during the follow‐up. (a--c) Case 21. (a) MRI showed the lesion size to be 15 × 10 × 8 mm at the first visit. (b) The lesion increased to 21 × 21 × 14 mm with more small cysts. (c) Hysterectomy specimen histologically showed lobular endocervical glandular hyperplasia (LEGH) with atypia. (d--i) Case 22. (d) The lesion size was 39 × 33 × 33 mm with a typical cosmos pattern at the first visit. (e) The lesion size increased 4 years later. (f) The lesion increased 66 × 45 × 37 mm 12 years after the first MRI. (g) A hysterectomy specimen showing a watery discharge. (h,i) LEGH with atypia was noted.](JOG-42-1588-g004){#jog13083-fig-0004}

Case 22 was a 33‐year‐old woman (gravida 0) with dysmenorrhea. MRI revealed a 39 × 33 × 33‐mm multicystic lesion with a typical cosmos pattern in the cervix and adenomyosis in the uterine corpus. The Pap smear was NILM and the HIK1083 test was negative. The patient was followed‐up as an S/O LEGH case. At the age of 37, she developed a watery discharge. The Pap smear was AGC‐NOS and HIK1083 became positive at the age of 40. MRI scans were repeatedly performed every 1--3 years, which revealed that the lesion size had gradually increased. By the age of 45, the lesion had reached 66 × 45 × 37 mm (Fig. [4](#jog13083-fig-0004){ref-type="fig"}d--f). The patient underwent diagnostic conization, which revealed LEGH with atypia. Hysterectomy was performed and the diagnosis was LEGH with atypia (Fig. [4](#jog13083-fig-0004){ref-type="fig"}g--i). No recurrence was recorded 22 months after surgery.

Mutational analysis of the GNAS gene {#jog13083-sec-0014}
------------------------------------

The results of a mutational analysis are shown in Table [3](#jog13083-tbl-0003){ref-type="table-wrap"}. Point mutations leading to the amino acid changes p.R201H or p.R201C were observed in two cases of LEGH with atypia (Case 9 in Tables [2](#jog13083-tbl-0002){ref-type="table-wrap"} and [3](#jog13083-tbl-0003){ref-type="table-wrap"}, and Case 21 in Table [3](#jog13083-tbl-0003){ref-type="table-wrap"}). In case 9, a mutation was not detected in the co‐existing LEGH part. Case 21 showed an increase in lesion size during the follow‐up, as discussed above.

###### 

Mutational analysis of the GNAS gene

   Case  Age (years)   Clinical signs       HIK test  Increased lesion size   Histology of the dissected area    GNAS gene mutation   Peptide alteration
  ------ ------------- ------------------- ---------- ----------------------- --------------------------------- -------------------- --------------------
    2    49            Watery discharge,       \+     No                      MDA                                        WT                   WT
                       Vaginal bleeding                                       LEGH with atypia                           WT                   WT
                                                                              LEGH                                       WT                   WT
    7    42            Vaginal bleeding        NA     No                      MDA                                        WT                   WT
    8    34            Watery discharge        \+     No                      LEGH with atypia                           WT                   WT
    9    57            Cervical cyst           −      No                      LEGH with atypia                      c.601 C \> T           p.R201C
                       Vaginal bleeding                                       LEGH                                       WT                   WT
    21   54            Watery discharge        \+     Yes                     LEGH with atypia                      c.602 G \> A           p.R201H
    22   33            Watery discharge        \+     Yes                     LEGH with atypia                           WT                   WT
    12   42            Watery discharge        \+     No                      LEGH                                       WT                   WT
    13   42            Cervical cyst           \+     No                      LEGH                                       WT                   WT
    14   49            Cervical cyst           \+     No                      LEGH                                       WT                   WT
    16   46            Watery discharge        \+     No                      LEGH                                       WT                   WT
    17   40            Watery discharge        \+     No                      LEGH                                       WT                   WT
    19   68            Vaginal bleeding        \+     No                      LEGH                                       WT                   WT
    10   47            Watery discharge        NA     No                      LEGH                                       WT                   WT
    23   48            Uterine prolapse        NA     No                      LEGH                                       WT                   WT

In Case 2 and 9, each lesions (MDA, LEGH with atypia and LEGH) were separately collected and used for the analysis. LEGH, lobular endocervical glandular hyperplasia; MDA, minimal deviation adenocarcinoma; NA, not available; WT, wild type.

Discussion {#jog13083-sec-0015}
==========

The present study demonstrates that the clinical diagnoses made by our management protocol were largely consistent with the final pathologic diagnoses of surgically extirpated tissues, which indicates that our protocol is accurate and useful for practical use. In the diagnosis of malignant diseases, the detection of a solid component or invasive findings on MRI and/or abnormal cytology appears to be crucial. Cytologic atypia was observed in three (cases 3--5) out of four cases with a predominant solid component pattern on MRI. The diagnoses of these three cases were relatively simple; however, the diagnosis became more difficult when the cytology showed AGC‐NOS with a predominantly solid pattern on MRI, as observed in a case of MDA (case 7). In this case, MRI may be more valuable for a diagnosis than a Pap smear because MDA sometimes shows only normal or minimal atypia on cytology. A partial solid component on MRI was also an important sign for malignancy. Case 3 was histologically confirmed as gastric‐type adenocarcinoma (GAS), which was recently established and is reported to have a poor prognosis.[27](#jog13083-bib-0027){ref-type="ref"} Therefore, the detection of gastric‐type mucin by the HIK1083 kit may assist in the selection of appropriate management, including radical surgery. Although histological diagnosis of Case 10 was LEGH, the clinical diagnosis was MDA. The difficulty in achieving an accurate preoperative diagnosis in this case may have been due to the lack of a 'cosmos' sign. Two cases of LEGH with atypia (cases 8 and 9) showed an intermediate pattern; either MRI or cytology‐suggested malignancy.

Of the 10 cases with S/O LEGH, nine were LEGH and one was LEGH with atypia, with the correct ratio being 90%. LEGH was clinically characterized by a cosmos pattern on MRI and no or slight cytologic atypia and gastric‐type mucin. In this regard, the diagnosis of six cases (cases 11, 12, 15--18) appeared to be simple. The detection of gastric‐type mucin had important diagnostic impact in the remaining four cases. However, we were unable to identify any specific findings to extract LEGH with atypia (case 11) from other 'ordinary' LEGH cases. It may be noteworthy that there was one case of atypical LEGH among the ordinary LEGH cases (i.e., 10%), with the ratio being similar to that of our previous study in which approximately 5--10% of clinically diagnosed LEGH cases had malignant lesions.[15](#jog13083-bib-0015){ref-type="ref"} Therefore, our protocol is useful for the clinical diagnosis for cervical multicystic diseases.

Of the 49 patients with S/O LEGH who did not undergo hysterectomy, 10 and two underwent cervical curettage and conization, respectively. Six out of the 10 patients who underwent cervical curettage showed gastric metaplasia of the cervical glands. Gastric metaplasia is considered to be the early stage of the development of LEGH,[6](#jog13083-bib-0006){ref-type="ref"} and this finding may indirectly suggest the presence of LEGH; however, none of the specimens from cervical curettage provided definite evidence of LEGH containing the lobular proliferation of small glands. Therefore, conization may be preferred for cases in which other findings are not informative.

In the present study, 42 patients with S/O LEGH chose to undergo follow‐up. Although LEGH was initially proposed to be a benign disease, subsequent studies have revealed the possibility of LEGH as a precursor of carcinoma.[11](#jog13083-bib-0011){ref-type="ref"} However, the clinical signs indicating the malignant transformation of LEGH currently remain unclear. Therefore, we tentatively determined changes in MRI findings, such as increases in size or the detection of solid parts, as well as the deterioration of cytology as the signs of malignant changes. When we detected these findings, we recommended surgical management. According to the follow‐up policy, three patients showed an increased lesion diameter and subsequently underwent hysterectomy. Of these three patients, two had LEGH with atypia. Sugihara *et al.* reported a case that was initially diagnosed as LEGH, but histologically diagnosed as MDA after a 2‐year follow‐up, which revealed an increase in the size of the lesion (from 21 mm to 31 mm in diameter), and the deterioration of the Pap smear.[28](#jog13083-bib-0028){ref-type="ref"} They concluded that the deterioration of Pap smear findings and increase in lesion size were important signs of the malignant progression of LEGH lesions to MDA. Therefore, we consider changes in MRI findings and cytology as the hallmarks of malignant transformation. The number of young patients in whom fertility needs to be preserved has sharply increased recently, and most young patients do not choose hysterectomy. Therefore, these parameters are very important in the management of young patients suspected of having LEGH.

There are several reports suggesting that LEGH is a precursor lesion of GAS, including MDA, based on the fact that LEGH is frequently associated with MDA and/or GAS.[6](#jog13083-bib-0006){ref-type="ref"}, [7](#jog13083-bib-0007){ref-type="ref"}, [8](#jog13083-bib-0008){ref-type="ref"}, [9](#jog13083-bib-0009){ref-type="ref"}, [10](#jog13083-bib-0010){ref-type="ref"}, [29](#jog13083-bib-0029){ref-type="ref"} More recently, atypical LEGH was described as LEGH with atypical features, such as nuclear atypia and papillary architecture.[11](#jog13083-bib-0011){ref-type="ref"} Although the definitive morphologic classification and its tumorigenic implication have not been fully established, this entity may be the possible link between LEGH and GAS. Ohta *et al.* reported a case with sequential lesion of LEGH, LEGH with atypia, and MDA,[30](#jog13083-bib-0030){ref-type="ref"} supporting this concept. In addition, the tumor suppressor STK11 gene mutation has been of interest since the patients of Peutz‐Jeghers syndrome harboring its mutation have been reported to associate with LEGH, MDA, and adenocarcinoma.[31](#jog13083-bib-0031){ref-type="ref"} Kuragaki *et al.* reported that 55% of MDA cases had a mutation in the STK11 gene.[32](#jog13083-bib-0032){ref-type="ref"} We also reported that STK11 may be involved in the progression of LEGH to MDA, according to a case containing mixed lesion of LEGH and MDA with the same clonality, whereas STK11 gene mutation was observed only in MDA lesion.[12](#jog13083-bib-0012){ref-type="ref"} In the present study, GNAS gene mutations were detected in two (14.3%) out of 14 cases of LEGH. Matsubara *et al.* identified this mutation in eight (42%) out of 19 cases of LEGH,[25](#jog13083-bib-0025){ref-type="ref"} which was higher than in our study. The reason for this difference currently remains unclear, but our tissue sampling procedure using laser microdissection may be more precise than their method using sterilized toothpicks. Two patients with GNAS mutation in our study had atypical glandular cells, one of which also had an increased lesion size. Although the oncogenic potential of GNAS mutations has not yet been fully evaluated, GNAS mutations are known to elevate cAMP levels in the cytosol, leading to an active metabolic status. Therefore, these findings may indicate the involvement of these mutations in the process of activating or destabilizing the biological behavior of tumor cells, and thus may play a role in the conversion of LEGH. The tumorigenic mechanism of LEGH has not yet been examined. Further studies are needed to clarify the significance of GNAS mutations in the tumorigenic process of LEGH and the possibility of clinical applications.

In conclusion, the management protocol that we proposed for the clinical diagnosis and treatment of cervical multicystic lesions is useful. Furthermore, an increase in tumor size and deteriorating cytology are important parameters for detecting potentially malignant LEGH during follow‐up. Further investigations are needed to evaluate the impact of GNAS mutations in tumorigenesis and clinical applications.
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